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CHATTER ONE

;Background,, .. .
. .

The enroldent of children in primary schools in India has risen from
: '14 million in 1960-5i :to 37 million in 1965- 66t -'a three-thld increase in

IF years.. By 1981, at the end of the Sixth,.Five-year Plan period, enrolment
is expectedto reach 80 million children. In,I966 only .about 30% of priinary

'N 'schools41 Were stated to have been housed kt,satisfactory gild' .ings 1 The ina-
, .

.. jority Of primary "Schools were, and..many .0411 arer accommodated in rented
or rent-free buildings, most of-which-are thISuitable, for school purposes, as

.' 'they, are 411-lighted; ill-ventilated and unhygienic. '. (See Plate I opposite).
..0

An approach . to the., improvement Of this 'Situation was outlined in the
Report.,of the Education Commission as ;follows ;

. .

i) Provision of necessary funds;
§.1.0

YI ,
e ii) Reduction of the building costs to the minimum level possible;

s...

0

iii) Devising of a suitable maehinery to irnplehient the programme
expedition* and economically. s 1

i 1 . . .
. .
4 It s

4
o happened ,tha.t..a member of the CommiSsioll's, Working' Group on

Edlicational Buildings was Sti Dihesh Mohan; Director of the Central Building
-

Resea
, A --..-,
rch Institute (CBRI), Roorkee, India. Aware of the need to build Very

large numbers of schools, Sri Milian had, in 196$', already "initiated a.
modest profirmMe oresearch in the.field of school building design and the
Education Commission Reporewas to'result in a sharp:Increase in the impor-
tance he assigned to this work at RoOrkee.

Ti0DL .3TION`

- functional effiCiency both 'in design and conitrnction;
.

1. India. Ministry of Education. Education and national devetpment,
RepOrt of the EdubationCOnnission 2964-66. New*Delhi, 1966.

1

'
2. S.N.11. Mukerjj. Education in India today dna tomorrow: Baroda,

licharya Book Depot, 1969, I

'I i. y
5 9

The Central. Building ResiarchInstitute is one Of the national aboratories
of India's Council of $cientificand Industrial Res6arch. 'Located at Roorkee in
the State of.tittar Tra.deSh; the histitute; founded in 1947, a'e.1,-,izs an engineering

.

university with traditions -extending back for 150 years.

''.' Finictionally). the Institute is required :
I.

..

. . °'

a) To assist the lildi4building industry in solving problenis of planning)
o "'' design, construction.and- Materials, with' a VieW to achieVing greater

o

0
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Plate 1. Examples of existing schools in need of more adequate
accommodation.
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Research at G3RI
-

b)' To carry out research in theprdblerhs of fire in buildings ;'

.c) To bringtheresults -of research to the notice of potential used and
to eAure'that these rsults -find expeditious andefficient application:,

1- 1l4
The realization bf these, broad objectives is Achieved thi'ough ihe

lkistitute's'seven refkarch divjsians: 1

.

l
-

I. Bu ing material
c

Architecture and'. ',.

2. Soils engineering -
, physical :planning .

3. Efficienty of buildings .. - 6. -Fire research4
4. Building process - plant and productivity. 7.. Rural bliildings

.
There are also informationd extensioncivices to meet the research

needs of the Institute's scientists and to ensure that the results of research..ite
disseminated to'and utilized by the, blinding industry..

o

. "

Educational building, including primary school research, and development
programmes in the CBRI, is the responsibility. of thekrchitpdture andPhysical
Planning Division, the 1973 organizatipn and staffing of which are shown in
Figure 1. Naturally the division also uses the output of,T.lie other divisions in

F:c4o R. E.: 1.

,

" DEPUTY DIP.F-CTOZ.
(School suit:lir:11 ProjLet)

I

Assistconf. Di ry-ci or
EA, ()oat lorsat
BUi IC.415

Assistcwif Div-Lc-tor
*As-e-tiiie.c.iorr_

, Pisysic.o1
' '

SCitslf[5-1(44Ani)
losisty.t

a

1 ; A r c A s i t t _ c . t s 13Evicsine_LI-5 BArellitet.fur4.1.4rAitwt/ .4 A r r - l i rt i c t s 3 Aryisits cts 3 Fntoe sm, Ia iixirtisturs4
- and Engirt-419 141y.o1 fnd

At4:411:1%rir- I.

its design and construction work. Thus, for example, the de'sigii of windos
for schods is based on the methodology developed by illumination scientists 'of
the Efficiency of Buildings Division, while building, maierial:problems are
solved on'the basis of advice froxii the Materials -Division, and so 'on,
In short, those directly engagein research and development prOgramMes. for
educational buildings at the CBRI, Roorkeersare supported by a group of mote
.than 21,00 scientists, specialising in almost 411, aspects of bUilding froth adhpSi'ves

to. 'acoustics and from soil stabilization to ceramics,

AS51511;443: FAro,,AN

School building research at CBRI

In early 1963, the author, an architect in the Division of Architectur e'
and Physical Planning, was 'assigned to start programmes of 'school building

11
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.. I.
Introduction . '

....

research... As the import of the Education Commission's findings'place,d such
------stresV,ontte need for national develoy inept In field. of school, building, the

retponse Orihe CBRI in the years ilia followed was to -increase. its- research
effort and recruit more staff to,work on the new programmes. -r"-

These Programmes were initiallylocu,sSed on the piassroom environment.
The results of the large scale survey by/CBRI of Ine/ body sizes af"children
were used to assist the IndiarkSta.ndads Institute to formulate standards and

. .

the data also formed the Lass for studies of space, n:.,.edeci,in cladsrcioms. and t....1
' the design of iurniture..5 #,9ther2tOpics that received early. attention included

storage requirements for' primary schools, the- single-teacher school and the
relationships between the p'ri/mary, school curriculum andspace needs.Iii-the
context of this monograph,' this latter tOpic`is worth moreidetailed:explanatiop..

. It has long heedrealizedthat if-economy is. to be,achieved-- in buildings
/

for education, 'every pait of the building should be of niinirurnarea,4ibeidse
of every part .orthe building should be optimized -and /the eohstruction/of every. *
element.. of the structure should be as cheap as possible. ./ , 4

I /
. : .' , '

In 1966, CBRI schoolbuildng research pro,gramme-sincluded studies on
the second of these aspects namely the optimization of -.the;use of space in
Indian primary schools. 'A study of ti.,,, primary school' cirtricurn in Uttar
Pradesh . showed that covered- ,Pace was only 'necessary for some activities
-while others could be better accomitudated,on the scifoor site in the open. J ri
;this way, the area of the primary school could, it seemed, be reduced. by 49 %.4

, .
It was obvious1;important to apply this concept to -school building deSign ..

in real situations and, in f968,. 'work Was- started:On the design o a school; ,in-:
corporating these IdeaS. This work ,Culminated. in the design-and construction .

of the: Uttar Pradesh -schools, a descriptiohof which, forms the subject f this
monogrOh:(See Plate, 2).. /.

4-
..., ConFurrently with the studies on/the more effeadve use .af space, work

was also cominencealn, Clillf on ,the application of techniques of parti41 pre-
fabrication to school huildini programmes. ,It was thought that if the elements
of a basic..shelter, namely foundations, supporting columns and a, roof, could
be pro,videdin- places where,iiinary schools*were.fieeded, the local iciiiiimunity
anxious to have a school would be willing to_provide the wall paneld, winda,ws,
doers and door, using 10.al materials and at.their .own-experise.

3. Indian 'Standards Institution. Indian Standard: 4838. Anthropometric
dimensions foil, school ,chil44n; part I-1969: age group 5-11 yedrs;
part ...tr-1968; age group 12-16 years, New Delhi, I.S. , .3.968\:

\Indian Standards 'Institution. Indian Stand al . 4837. Recomrhen ations
for schcol furniture, classroom chairs and tables for usein iccr
schools; part I-1968: age group 5-11 years; part II-1969: age grbap
12-16 years.. New Delhi, I.S.I., 1969. .

4. Srivastava, .R.D.*, .Gupta, and D.J. Vickery.. A method of reducing
classroom requirements in primary schools in Asia. Occasional
Paper No. 13: ,Colombo, Asian Regional Institute foi School Build-
ing Research 0%1967.

81 F
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EdUcationat ;Building Deve,lopmetit Groups
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Plate. 2.. Art early prototype of the n'ewprimary,-scnool.

4 ) 4, .i" - -, .
,,

, . ' &. The criteria 'for the design of the prefabricated elements included (a)
i pticity in assembly, .(b), ea's& of transport using lorriesOr, if necessary,

bullock carts, and (6) weight low enough to permit of easy handliiig. ,PrototYpes
: of partially prefabricated schools designed using these criteria, were fifst

built in the CBRI and s,upsequently in Maharashtra, and Kerala and provided
sound experience for application ofThe partial prefabrication concept on-whiali
thedesign of the Uttar Pradesh schools was subsequently based. (Refer to

? 'Plate 3). .
.

, .
.;

1 .
. .

.- " Other educational-buirding_reg*earch programmes of the Architectu-re and
Physical Planning 'Division of CBRI have included a study on the design of

,. ,- university hostels 5 and, more recently work on "second-level schoolS..
--

. \ __'._ .:t
, ,..

Educational Building Development Groups :
. t ,

The primary school building rekirch programmes outlined above -
showed Komising results, and suggestedthat it might be possible to obtain
important reductions in the cost of educational buildings through rational use
of space, mproved construction tec6iqtps qnd cost analysi and, planning at

. the- design stage:. The developments evoked considerable interest in the Union

. Ministry of Educati,4 at New Delhi as they.offered a means by which the Serious
s ?hortage of primary school buRdings- in-the country might he rethiced. The

. W

5. India. 'Central Building Research Institute. University hoptels;

- p .pltomiq.-cansiderations, Roxirkee_,_PBRI;, 1969..
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Building prograhine-in Uttar eradesiT : .

. i
. , main concern of ie Ministry was, naturally, that the new ideas be dissemi-1 ,

A nated to the State Governments and other agencies concerned with the con-
struction of school buildings throughout India. 6

c

. .

, . . .
I

The need to communicate piomising developnients in school .building.
design and construction to the' States had,. however, already been foreseen by,
the Education Commission,. aS indicated in the.quotation which follOws :

1
". to continually iritrortpce improvea'and economic techniques,
we/recommend the adoPtidn of ithe following additional measures :

- -..

-i) 'Formation of Educational Building Development Groups

t Each State should have anEducational Btn:lding Development.
z.

Group ..., consisting ofanatchitect,Nn*eduCationist, an adminis- .

tratOr and a cost .acconntant .... to improve the planning and
construction of government ,schcioi buildings

The Commission suggest. that, In addition to a - Development Groups
in each ,State, there should-be a Group at Union level, one of the functions, of
which might be to highlight "the latest techniques of construction and researches
at home .and. abroad ... " for the/benefit of the State Groups. 7 r -

Tie Development Group at Union level was accordingly formed iii 1967
with the Education Adv*7r to the Government of India asiss Chairman and the
author - the architect infi,charge of the school building research programmes at
CBRI -- as its memo- secretary. The promotional work of the CBRI and the.
activities of the Group at the Centre have resulted in the formation of develop=-
ment groups in tie States. of Maharashtra; Kerala;. Punjab, Uttar Prade0,
Tamil Nadu and tip Union Territories of Goa, Daman and bi and 'Arunachal
Pradesh.

In c ollaboration with CBRI. and the National Development Group, the
Stare .develOpment groups have constructed a ntirriber of -prototype buildings
but as ad hoc bodies having neither finance nor perinanent staff, the main
value at the groups ho the present time has beVn to provide a poirit of contact
at State level to ,which. the clearirig house aid other activities of,the National.
Development Group and the CBRI can be directed. .

The: primary school building programme in Uttar Pradesh

Uttar Pradesh, as is explained more fully in-Chapter Two of this mono- -0

graph,, is is the State having the largest population in India - in 1971, 88,341;144 .4

6. Note: Ind ia comprises a Union, of States. Whilst the Union Government
is concerned with the co-o-fdination of educAtional
determination of standards of higher education, scientific and
technical education, research, proaption of Hindi. and development
of all Indian languages and is responsible for fiVe Central Univer-
sities and other institutions of natic,hal importance Parliament
may by law declare, education in Indip. is primarily the responsi-

/°DAV of the State Governments.
7. India. Report of the Education C07177tiSiOYI.

4

WYI 5



r

--)

Introduction
"

1"persons. In 1965, Atnianand Misra, writing in the ((Jnion),Ministry of Education's
periodical 'Education- Quarterly' desciibedi Uttar Pradesh as having.very low
ability to 'support education (total revenue divided by population), a fairly low
deOeelof educational effort (% educational expenditure per.2 of State /capita
revenue per capita). 8. Accomplishment in Educationin Uttar Pradesh has also
been very poor compared with that in other States (accomplishment is perden-
tage total enrolment at all levels to the educable population at those level's.)
Finally, Uttar Pradesh shared with two other States the lowest educational
level of adult population as measured by the percentage literacy of the total
population.9

Primary education in ,Uttar Pradesh is managed through Zila Plarisha:dS,1°
municipalities and notified town areas and private agencies. Privately managed
schools appear to have few building problems but schools managed.by. local .

governments, especially by Zila "Parishads, experience considerable difficulty
with their accommodation (Plate 4). During 1968-69, a survey by the State De-
partmentof Education :showed that only 36%,s_of the Public primary schools had
satisfaCtdrv-buildings.

The padicground to ,this situation is worth briefly describing here. After
independence, an intensive programme for the expansion, of Primary education
was planned and new schools were opened wherever temporary accommodation
could be foua At the same' time, programmes for the c6nstruction of new
school buildings...were cOinmenced. Table 1 shows how the position 'developed
during the first three of India's five-year plan periods.

During.spe.4th Five-year Plan, a further 990 Primary schools were con:,
structed in urban and rural areas. At the present, statistics show that, of the

(Primary schools opene'd in Uttar -Pradesh, about 42,000 still. lack satisfactory

0

buildings.

. To the ba,c1clog of 42, 000 buildings that need to be constructed to house
the present pdpul4tion of priMary school children has to be added a further
25,000 buildings to house additional enrolments foreseen in the subsequent five
years. The total number pf primary school buildings that tilt'. s need to be built
in Uttar Pradesh by :1978 is of the order of 67,600 - a tall order indeed.

8. Atmanquid Misra. Educational balance sheet of States. Education
quarterly, Ministry of Educfttion, India. Vol. 17, no. 66,.June;
1965. p., 64-8; 831

9. Paradoxics11, Uttar Pradesh has the highest number of universities
and higher education institutions .pf any State in the country.

10. Zila Parishad is a District Board, responsible for functions which,
in a rural context, are similar to those exercised by aMunici-
pality in an urban situation. -
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Building programme in Uttar Pradesh

Table 1. Progress of primary school building construction in
Uttar Pradesh during the first three five-year plan periods -

Plan Programmed Actually Backlog of
period for construction A constructed unconstructed schools

First Plan, 1951-1956 6 925 6 002 .923

Secc;nd Plan, 1957-1961 662 7 130 2 532

Third Ple,-1962-1.9.66, 50 126 `11 578 38 548

Total, 1951-1966. 66 713 24 710 42 003

Note: From data provided inNta paper by Dr. A. . Nalhotra, then Deputy
Director,Elementary Education, presentg,d- at a Seminar at'
CBRI, Roorkee,, 5 October 1971. .

Y

7

I 1.1.,
7;4' .* Z.rz,f, ,e1,...1:ZZabry ,W"7immar...+4

O

Plate 4. Zila Parishads often experience difficulty in providing

accommodatioh.

';'. ;at.c..

13,7I !Art
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titroiu*Ftion 2 :*

Although c\\lisc1ssedin greater detail below, it is ap
ize here the maN reasons fdr the increasing gap between

pkopriate to sumniar;
school building needs,.

and the provision of buildings in the State. These are : .

4.

:a) community participation falls below the expected levels ;

bi the State construction agencied'ale not fully utilized.;
c)

d)

e)

allocatioreof money Prove inadequate in the face of rising ptices
of labour and materials ;
vist control techniques are not applied;,
funds allocated, for local development are'applied to projects
having .greater priority than 'school buNilding.

*

In 1968, as is mentioned above, a schoOl building development group was
established in Uttar Pradesh and studies were made leading toltlie design of
primary schools for the .State. In 1971, representatives of the State Department,
of 'Education and CBRI met at a seminar to discuss the outcomes of the design
work and it.was decided that State funds would be provided to undertake experi-
mental construction of the design material and, in particular, to check the
costs of the new prototypes. The seminar alsO.recommende at the finding&
of the CBR1 studies beineorilorated in a revision of the choot Building, Code.
More important perhaps, the participants suggested the formation of a schdol
building consortium to take 'advantage of the new techniques 'which formed .a
feature of the designs and recognized- that future school building programined
should be oriented to provide d.'veriiies for employment -;'especially for skilled
building techniciansof which many were unemployed at the time.

These recommendations were subsequently approved by the State Educa-
tion Minister-and CBRI. wa's authorized to start construction of 12 prototypes in
three Districts, of attar Pradesh.

The outcome of the prototype construction programme showed that the
deS-ign..was cheap to build, - Rs. 8,100, .(about US $1, 080).or Rs. 101s (OS $13. 50)
per plaCe;_and that construction time was short. As a, result, the State
Governthent decided to construct 5,350 of the new :schools - roughly 105, in
each of 51 of the 54 adininistrative Distrids of Uttar Pradesh. At the date of
preparation ef this Report, the construction progra,mme was more than half
completed.

18
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CHAPTER TWO

a

THE DEVELOPMENT OF TI-fE NEW PRIMARY SCHOOL
-

, o t
to .

tit _A e
-Education I. litt41.- Pradesh, : .

..:). Of the population of the At.a.te of Uttar Pradesh - 88, 341, 000 - 13-% live
in urban pa 87% in the rural. ai.e49,. Therd are some 111,722 villages, 257,468
hamlets and 486 .towns in the State. The population density is 300 persons per

oil
ssquare kilometre."

EducationariY," the State I divided into, 54'aistricts, (Figure 2) and for
better supervision, inspection an control, the oiitricts ale grouped into' eight

-1, HARYANA

KHERI

IZA';i1182.

HIMACHAL
"PRADESH F140Q.E. 2.

CHINA

.4 tr. 1Q0

.9

200 KM

i
.

NEPAL

:Or-6

RAJAS 1 r?AN
o

27

26'

25

7er

eo

MADHYA

PRAbESH

PRADESH .

11. Statistics in this paragraph are taken from statistical publications
or the Ministry of Education.and Social Welfare, Government of.

India. 1519



-ilet;elopfm ent 'pf the new priinary schcio

regions for boys and seven for girls. The structure of education is shown in
Figure 3. Data concerning the 'numbers of percentage enrolment to.

;7

. Fl c4u1.E 3.
T. Structures
Eclocat ionalSistE.T

Pradesh

Nigh

school

\

Ehrlia_rth_r:Fia_o_43.43,.. \ -0-:-.1:a

Pre. 1 Pricy 1 \q.licil'4. dui rk.1.-
School I 1 ,

1
C01191-

1:1-1214,1-t-P"

kittrowliate-

co116e-

Orivixsity TEA ric-41 0,03firix' 'A ft--
Proje-ssicnai Education

\

Industrial i Tahnicalj
Trade_ 1 TrvvIL. I

School

aeN

I H (

10 ,11 12 13 Pq- '15 16 IT rsi

corresponding age group, percentage enrolment in rural areas, .pupil/teacher
ratio, numbers of primary schools And percentage qf primary schools in rural
areas Of Uttar Pradesh, are given in Table 2. Figure 4 indicates the relation-
ship between population by age groups and the population of children enrolled
at the different levels of education.

Although primary/education is or five years', duration in Uttar Pradesh,
the population distribution in the rural areas is such that only \about 10 % of
the school buildings require five classrooms. Figure 5, which ids of consider-
able importance in relation to the concept of phased constructio , described
below, shows the percentage distribution of primary scbooli, by nrolment, in
the rural areas and, superimposed on it, is an indicatiOn of the ,classrooms
required. (Figure 5 appears on Pag96-
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. Education in Uttar Prddesh
..

. 4 z, . I.
, - .

,

Table 2. Annual enrolments:. Pupil/teacher ratios and numbers of primary
school's in Uttar Pradesh for the period 1962-71

Percentage Pvil4i -- NO. of' Percentage
. . .

Amber of pupils 'T
enrolment teadher primary primary
to corres- ratio schoolshools . schools in

enrolled (in 'thousands)*, bondi - , i rural areas,
Boys .5 Girls Total age group 4$

A

F a f

Year

1962-63 4 041 1 300 5,341 , 53:8 44 49:812
, .

1963-64 4 422 I 575 5 997 59.2 - 41 52 6145

1964-65; .5 291 -2 470 7 761 74. 0.. 50. 57 905 .

1965t66 5 46 2 547 8 0'16 74. 3 .5,0 -: 58 438

1966±67 5 927 3 004 8 93 80.3 .. 53 :. 60 238
..

-i 1967-68. 5 921 '3 259 91840 " 80.4 53 60 564

1968 -69 .6.064 3.300 9 365, 1 ' ' 79.2 56 61.97
1969-70. 6 514 3 786 10.300 85.4 51 61 959

4

197041. 6 804 4 024 10 8.28 ' 91.5
t.

53 . 61 959 90.5

Source: India. Rational Cduncil of 'Educational Research and Training.

Second educational survey.,- New Delhi, 1967.
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Development of the nei4i.rimary school' .
, r

. . . . e '
The primary school curriculum for Uttar Pradesh is summarized below :

8Regional language . 45 minutes per day
Second language 40 4x, I'll II,
Social studies -40

II
..,

-.Genval science"and agriculture 45. II,,

Mathematics - 45 !I It ,t
*6%

Craft 40 " ,
.Carnes and physical education --45 ,, /I ' II

Players 1... 10 /I ' II lt
i

Total 310 minutes per day-.

A Npica1 time-table is shown in Figure 6. Froni-this, it will be seen that
by pldnned use of the site for certain lesions it is possible to reduce the num-
ber of teaching spaces needed in the building. Such an arrangement would not,
of Course, be possible If the climate made outdpor teaching unfeasible. Refer-
ence to the section of this report concerning climate will, however; indicate
that it is usually sufficiently clement to permit lessons to be held outdoors
(Plate 5).
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.
Flpire 6. A TYPICAL PRIMARY ,SCHOOL aiME TABLE (winter )

Ed: !cation in Urtar Pradleh

. Period. 1st'
.

2nd 3rd
.

4th 5th
.
6th 7th

Time
Cla,,.s

I() a . m.
IV. II)

10.10
I0.55

10.55
11.40

IL 40
12.25

12. 25
.,1. 16

l'. 10
1.50

.I. 50
2.:30

2. '20
3. .0

73 . 10
1 3.50

V
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!!
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\\\,\ \.
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' I
4\\,,

.

\ 4\

.
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. `\

'\,
'

Hindi
writ-
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ti,,\
O'

Maths

Periods on the site and
out of .the building

4 ,

As r(f

VA

req.,'
'Z; V

Plgte 5.

- I

The climate of Uttar Pradesh is udually suffiCiently,c'ament
to permit lessons to be held outdoors.
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Dov'el ormerk' t . of the net.)" 'primary school- ,....

: . ,o'y -...-the topography and climate of Uttar Piadesh , .

, '. he lailest ,afea Of the State is level,' well drained and cultivated. In
the -north, it'rises intc; the Himalaya's and includes such famous peaks as
Nanda Deszi (7,$00 m), Many of the schools, the design a which is described
below are' built at'elevations of'1,000 m or more. Where the State borderS -

. .

.central India, the land becomes rough and broken.
.

g

A charaCteristic df -Uttar Pradesh is its 'nuthexous. 'Villages; many of
which are crowded high or the debris of Olde4 sites, making it difficult to
fintkpace for the primary school within the village setting: New schools
.are thus sometimes Built just outSide.the -older village. sites.

1

.
I. The Climate, except for. the Himalayan area's of the. State, is hot and

dry. Tempera,ture in the plains ranges froth 30-46' degees centigrade and
annual rainfall

of
762' to l,118 nn. ''-The rainfall is, monsoonal and heaviest

in the monflrs of June, July and August. Data on the mean nuhiber of rainy
" days for a few selected. stations, are given in Figure 7, on which are also
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Existing-school building

marked the school holidays in the State. Figure 7 also indicates the mean maxi.
mum daily temperatures for each month'bf the year. It will .be concluded that
for those months of the year during which schools are not on holiday, teaching
and learning outside the building on the school site is quite practicable - a con-

_
clusion that is well borne out by local practice as indicated-in Plates 1, 4 ank5.
The clement climate during the school year was ,thus a significant factor con-'

. sidered while developing the new schools.

Existing school building ti

_Standard plans for 'school buildings were deVeloped in Uttar Pradesh
as. early as 1931. There were two basic plans which differed only in tdgdid '-
to their roofing pattern. In the year 1948 she .designs were revised. The

new plans had larger teaching spaces and no longer ded A. teacher's,
residence, store-room and kitchen as did the preVious standard designs.
For reasons of cost and scarcity of materials tluring. the

as
post -war

years, mud walls -and local clay tile roofs were adopted as, a common pat-
tern. Certain- other modifications were also introduced to !suit' local, conditions.
For example, in western and central tt-p, , mud-loog were found Cheap and;
convenient to construct.' In the hilly regions of the State, gaNanized iron roofs
were found suitable and stone - in place of mud walls - were easy to construct.
The width of classrooms was also reduced by two -feerin-the,new design due to-
scarcity of wooden rafters in lengths of more than 3. 05' m. Later it was found
difficult to maintain: these resulting temporary buildings and, with the pass-.

age of time many such schools deteriorated and becaiiie unserviceable.
; -

In1957 the standard plahs ptepared in 194,8 were revised Consultation

with the Chief Engineer of the Public Works Department of Uttar Pradesh and,
as a result, six types or design, came in use. These .schools haveone or two
teaching spaces. They .usually comprise :

"1. A classroom space 3.66 M. wide;
.

2. 'A circulation space 2.44 m. wide iii the front of classrooms;

3. External brick walls 35 cm. thiek;

4. In the pla'insa iciof in re-inforced brick or re-inforced cement
concrete and in the hilly regions stone walls and pitched roof
with galvanized iron sheets ;

5. The foundation depth is usually a 'metre with a 30cm. thick
concrete base.

A typical example of.one of these schools is illustyated In Figure 8. The

teaching space in the example shown is 58.7% of the area of-the building while
the circulation space is 30%. Though the windows provided in the school are
adequate, their disposition is not judicious and, the /ighting in the teaching
spaces -is- mot- -uniform.---
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, Research and devaopfrent

These schoOls are 'ba§ic'basic; schools. Craft work and gducatio n-throdgh-:
*activities are the .main-objectives or the curricitnOin; which requires group
work fn various group sizes' in addition to occsidnal formal- teaching. The.
3.66 m. span of the teaching spaces r4,tricts the performance of such activi-
ties. The length of the classrooms also creates Problem's such'as difficulty in
seeing the chalIcboara,f6r children at the '1.ick.!:Sf the Class. Audibility ;also
a probleni due to the disr_tice between the teacher' -and the farthest child.. The
height of, the classroom is generally about 3.5 metres which could conveniently,
be reduced to 2.9 metres without affecting thermal. comfat.

The school in the rural area-is the ,main:, for tornmtinii7 ftinctions
and activities.; it is used as a meeting place by the- village Panchayat; as a
reading room and as an a'clulCeducation centre.. It is also often' used as,a
for accommodating mariiage,.parties. These various functions need flexible
spaces which the schools ladk. " .

In practice the schools have survived in their present form Secause
metbads of teaching are by 'chalk and talk's and becase there is no other
place for cimmunity, activities in'Th *Fifttte-schqols nee to provide
functional facilities in order to help imprsOve the

r
'91iality of education and to'

meet the varied community needs..
In recent years the ,cost of material; labour, and thus construction haz.

risen. rapidly while the fitancial allocation for construction of schools has re-
p mained the same during this period of"rising priceS. The result has heeethat

as-number of schools on .which construction has, siarted have- *remained incom-
plete k often roofless- or lacking doors, wincloyis,, floor's and sometimes walls.
Where schools have been completed, the materials larroften been poor and
the workmanship hurried. The .result is heavy maintenance costs every yea).-
As there is usually no money for maintenance, the bOl1dings deteriorate very

.. quickly.
To stitnifiariz,,, it may be concluded that the desIgn of the olderssChr;ols:'s'1. Does not adequately serve the educational .purpose ;

2. Does not motivate the seichert L-adopt new teaching methods ;

3. Does not provide the sort of facilities for. the 'students to learn
through activities ; , .

4. Does not have a rational distribution- of area as between teaching
and ran ;teaching spaces ;

5. Does. not Serve ,community needs ; . ..

6. Is' not such 'that they' can be built. cheaply.
,-

,

6
Research and, development- , i

-'4 ", .. '
An assessment of the situation outlined above led to the conclusion that a

ne w- approach to the design and construction of prithary schools-Was needed fir.
-Littai:'Pradesh end, moreovex, in view of the scale of the construction program-

me,
, .

me, that its management would.-require Veyy careful. planning if There was to

be ami.real hope of successful implementation.
-,

i
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to s.DevilopMent of the n(2.,) primary 'schoht. k,---. t 4

t.,, -It was thus decided to prepare, inewprimary school designs and in.
of the repetiiiye nature of the programme in which dyer 5.,.000 similar school
buildings were to be constructed, to evaluate all desigii ideas through :the con-
su-uctioriof full-size., prototype school buildings. Thee Central yuilding Re?,-. ,

search Institute with its design specialists, various building,Scierice resource
personnel and workshops for Prototype construction, was an agency.

.
obviously

--.- \ern.insntly suited Co undertake this work. .t. . t
,

N. , .. . N
<

.
% The 'Uttar Pradesh` Education Authority set out its ideas' pi. the new
'pritnary SChOols as ,,followas2;, -

.

1:. Initially, each school WoUldhal'le'two teachers and la,.ter five ;, ; )

-.. '2. There wo'dld. be -80,children in each school in the first place but
later .the school would-be able to expand to 20Orplaces ;' ,

3. The internal, space 'should b; adequate for the basic education
,

foreseen in the curriculum -;
-

-4. Internal .space should he supple mented.by Outdoor teaching space;

A" Cooking space should .be kivided itir mid-day mealst;
6. There should be,fa'cilities, for-,a teacher to stay okepight in the school.

No cost limit-was, prescribed, but the 'Education Authority was emphatic
in its requirement that the new;s4chool.shouldbe as cheap as poSsihle- and cer:.
tainly cheaper than the old designs In the.Cdntral Building Research Institute,
after a preliminary stu dy`Of planning specification and cost analysis Rs. 8, 5b0
was regarded as a reasonable target cost for the :building and site works.

Because of the requirement t hat the initial building should c omprise two .

classrooms with a possibitirty, iethe sctool-going population justified it in
future, of expansion to-a t .ee or five classroom school, 'it was decided -to de-
sign athuildin'g that could he built in,stales (Figure 5). The plan of the' first
prototype is shown in 'Figure 10. Each .teaching space is, sufficient for 401

=children and two of the :spaces are separated. by 78. movable partition. Chalks'
bo'ardsz,ffisplay areasa.nd storage. Spaces are ,providecias Well as a deep cup-

. -bOsard- quin- kitchen for the teacher to use during an overnight stay in the
School. Ventllagon is ensured through the iiroVision ,of, pierced grills in. the

At those parts of the rooms farthest. from the wiiidows, a desk top,
illumination of 150 lux was calculated.,....

.

Oil the site, a double-sided chalkboard is provided fOr'outdoor teaching
and there is a small open kitchen,a hand operated water pump and a urinal.

$, 1

Constructional design
e- *.".4

'The need tox6Ornplete a construction .programme of over 5,000 two-
classroom schoOls.tih a eriod of three years, _and at a variety of sites of either
easy or diffic a cess, sug the' use of ,constructional. techniques which
permit cif 7 rapid Ifuilding. Equa important was the need to use local
materi skills and labour.

r

24

ti

is



I 1.

4c por..?

s'"
; *

I

outdoor
"rt-ckcioimq Gt

1"4""--t-

hal L. bcoart

gFAGG

outaco-
a

11.

.A0.'1 14,
ss'

,

. 2,o um_ --
-MumMMMMMMMsaigiall
massmossIlmoriall
111**ManniallIli7111111uelruillil s a
Ilan ANN al
1ss111111111*111111141ff

I 113 .1,..1

Eva- vv.

r7-7.1 sz.c.ovaa

pipd, Notf_

S.

i. - -4

Fr(.402.E..1 g. The. Five classroom, prier q 5tIeloo1
b'esiqvie-d i be built it(_pha:Ae-s

_ r

(20,

25 ,

L



pre..labr.VAtEct carte. trOSS
0,5b4.5-1:65 ShLE.i

P06E-4 1:trick wa11
to tx.. usext As taming aid

n ,me.a.curivut,

1 1

ovt dcdrizAciliT

183 -crn V74111 clio,IL board,

A

48E3 x .610

Chalk board:

p

F1602.E.: l O.

!

e

Class room
xi* 610

vn ovablf_.
partition

oW:.1 k.

molltqww 1T;
4.=

PLAN

tVie First Stalf
First

30
26

_ .



Constructional design of the prototype

Partial prefabrication seemed to provide a possible answer. Although the
prefal3ricatV construction technique is not ansunknow. n concept, in the context
of developing societies, the importance of such techniques lies in simplifica-
tion-of costing methods, joint details, and erection methods, thus minimizing
the use of skilled labour. The techniques were tiled, guided by the following
considerations.

1.. There should be a minimum number of standard components ;

2. Where concrete components were to be used they should be si
to cast, thus reducing, the need for: skilled labour ;

3. As many sites were accessible only by bullock cart,,V..e components
should be designed to fit this mode of transport;

4. The components should be light enough for manual handling into.
position in the building;

5. Joints between components should be as simplas possible.
1).

The-initial design of the first prototype is shown in Figure 11 ands'
Plate 6, and the following is'an_outline of the specifications-:

- Foundation : Pre-cast concrete pocket footing to column
with strip foundations to. external walls

Damp-proof course I" cement concrete

Columns : Pre-cast, reinforced concrete,

--Srtip-ersucture : 9" brick wall fn mud, mortar and
cement plaster both sides

Floor : Concrete or brick

Doors and windows : Prefabricatpd steel frames, woo-den doors
and window shutters

Roofs :-Pre-cast trusewith asbestos sheet covering \

Finishing ,: Painting on wood work, white wash/colour
. wash/brick pointing.

Plate 7 illustrates the method of roofing.

, The above constructiona)r techniques and "specification o were arrived 'at .,

.after a detailed analysis of pst and specifications of various alternative
schemes. For example, Tdble 3 shows the cost comparison' of roof trusses
with, sheet as covering mmerial. Likewise, a comparative cost analysis of
various alternatives for different elements was made to arrive at the most
economical solution,

r */

The cost of the school at each of, the three stages of instruction was
estimated and is given in Table 4. (Tables 3 and 4 appear on page 30).

4
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Plate 6. The first prqtotype.

ff.
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'1.

Plate 7. The, method of roofing the first prototype - an early 'trial.;
The pitch adopted fo4 the prototype was lower.
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Development of the new primary school
\4.

,Table 3. Cost comparison of roof trusses with sheeting as
covering material (span 6.56 m)

CoSt--iin-(Rs) of
% saving
compared

Vusses Purlins/ ,Spacing of Etch -Purins/ Cost/M2 to wood,--.1
Reapers trusses :ruts. Reapers

per Bay
(in Rs)- kingpost

truss

Wooden kingpost
truss

Wooden 2.44 m
0" c/c)

334.11 494.22 44.1Q.

Wooden truss Wooden O. 61 m 127.22 28.48 36.15 1 8. 1
(Kerala type) (2' 0" c/c)

'Pre-cast RCC
scissors' truss

Pre-cast '2.44 m
RCC. (8' 0" c/c)

247.17 294. 861 . 25. 38 40.2'

CompoSite truss - do. - 2.44, m 230.46 294.86 25:430 2 41.6
(8' 0" c/c)

Table 4. Estimated costs of each phase of construction and
cumulative costs of first prqtotype schools

Stage Estimated cost (Rs.) Total cost (its.)

First stage 8 500 ($1, 080) 8 50Q($1;080)

Second stage' 4 000 ($ 540) 12 500 ($1,620)

Third stage 10 500 ($1,417) 23 600 ($3, 037)

Note: Figures in brackets are the cost in US dollars at the time of
drafting this report.

The final cost fora 200 place school would-thus be Rs. 115
($15.52) per place.

Prototype. construction

Twelve school buildings; four in each of the districts of Lucknow, Unnao*
and Rai Barely, Were constructed as the first prototypes. The pre-casting work
was done at district headquarters, the schools were located within a radius of
16 km. from each of the casting yards. The construction was organized-depart-
mentally. On an average, each school was completed within 35 days and the
average cost was Rs. 8,100.

. Adverse reactions were recorded from the villagers, teachers,. students,
officials and other general public and are given in Table 5.

34
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Prototype constuction

Table 5. Comments on The first-profotypes

Nature of Comments

Teachers Thermal discomfort ; nose disturbance through the top of the,
partition o' 2" high.; independent access to each classroom de-
sired; asbestos roof was considered' tentPorary structure. The
built-in cupboard, it was suggested, should be replaced by a .,
storeroom, which could be, used as School.storage:space also.

Students Therthal discomfort ; noise disturbance through top of partition.
Independent access required to each class.

,. ..
. .

Officials, Asbestos roof not liked as they looked temporary, and liable to
. be damaged by students .thus requiringmore maintenance.

Villagers The same comment as officials

. The other constructional design criteria had, of course, already been

met. Plate 8 shows that the. roof components could easily be, carried by
bullock cart, while the ease with which the roof components could be man,
°handled into position is shown in Plate 9.

A

."?.

by

et-

1.1

....,,,,-&.,14 ,:,...=4..'

-1---,,a. ,
- - :

componentsPlate 8. Roof components could easily be carried by Mali- ck cart.
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Development of the newrnmarzj school

4'

Plate 9. Man-handLinj.the roof components into position.

?-0

Adjustment of the prototype

There felloWed,-as a result of the initial experience with the 12 prototypes,
two further adjustments: The first took into account the comments made by the
local people using the school. A concrete flat roof was provided, a separate
entrance was arranged to each classroom and a larger storage room replaced
the small 'space and kitchen.

,The complaints aboutilloise over the movable Partition were resolved in.
a way which were well illustrated how the research resource's of the Central
Building Research Institute could be brought to bear on problems. in the first
prototypes, as has been seen in Figures 9, and 10, the chalkboards were placed
at opposite ends of the two classrooms. The acoustics specialists of the Insti-
tute,. after taking a series of measurements, found that interference, as be-
tween one class and the next, would be considerably reduced if the chalkboards,
and thus the teachers, were arranged back to back on the partition d'vidigg the
spaces.12 This adjustment was thus also incorporated in the second prototypes
of which the arrangeinent is shown in Figure 12 and Pl'ate 10.

12. Chouclhury.! Sound ati.ffractionsaround move partitions in
- teaqhinig- spaces.` "Educational Building Report No. 1. Bangkok;

Uneoci-1 1973.
436, ,
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Deve.lopment cf the new primciry. school
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nate.10. Inter ior view bf second prototype showing centrkzli back-to:
bak chalkboards and flat roof.

. But a study of the roof coristrOction using. inverted composite trusses,
each with two steertension and three concrete compression members showed
that erection was an excessively time consuming activity, adding substantially
to, the costs of what, otheimise, was a very chpap way of spanning the class- r
room space.' Effoxts -*ere therefore 'made to Reduce the erection time and
thus the cost of this element of the roof. The result, which is shown in Plate 11,,
is an extremely neat, light-weight, 'Welded steel truss which, .hoisted into place
by four labourers in half an hour, reduced by ,5L hours the time takenito scaf-
fold for and assemble the composite truss.

The third prototype, in fact, incorporated the following changes from
. ..r 'the first: t

i) asbestos pitched roof replaced bya flat, pre-cast concrete
. channel roof on prefabricated welded trusses. '

, .
$ ii) the pre -cast reinforced concrete columns and column bases

where dispensed with in favour of brick, block or stone work - as
locally, available. .

38
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Adjustment of the ,prototype
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ti

Plate 17. The final S-aZution to the roofing problem using a welded,

light-weight, prefabricated steel truss.

iii) the movable partition was replaCed by a free-standing brick
partition with chalkboards on both sides thus changingthe quality
of the building from 'flexible' to 'adaptable'.13 (this was due to
the very high cost of tiniber and the-comparatively 1Ow cost of

, brick work in Uttar Pradesh).
iv) a large internal store was provided in lieu of an external kitchen.

v) two doors were provided instead of one.
The details of the third prototype are shown in Figure 13 (page 36).

The quantities of materials and labour for one sudh school building is
shown in Table 6. This forms; about 8570 of the building-cost. The remaining
15 % of the cost is consumedrin mansportation, casting platfoim and moulds for
the pre-cast components and other minor materials.

The costs a-tile third prototype varied, of course, slightly from place to
place and the costs at eight selected dikricts rqpresenting eastern, central
and western zones 'of theState are given for purposes of comparison in Table 8.
Annex I indicates the way in which these costs have beep built up as, for
exaThple, a channel unit. (Annex I appears on pages 68 and 69).

. From Table 8, it will be seen that the average cost per school is
Rs. 8,319 or Rs. 104 IUS $14) per student ,place of 0.74 m2.

13. Definitions suggested by OECD. "Adaptability",is essentially, large

magnitude, low frequency change while "flexibility" is defined as

'low makni ude/high frequency change.
,
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Table 6. Quantities material/labour per school

- Item 'Uni,t-- Qty

I.
, ,.,1a terial' ,

... 'Bricks no. 19-000 -
Cement. tons 5: 1

Steel , quintal (100 kg),. 46. 9 1
, . .

Cement aggregge c m 1:2:45 :
,Sand - cu. me- .-

. 6.80
Unslaked lime quintal (100ko 7.62
Surkht cu. m -. - 3.44

. Timber cu. m , 04
Labour

Y
t,

:. .
. - .

Skilled man days 97

N' UnIgkilled than days- , ,:v_,./ 204

,s

I-

!.

It is useful:to compare this cost withthador the-construction of primary
schools fn other countries'of the region such a 'comparison is sho*n in Tilble 7.

, .
Table 7. A comparison of the cost per unit area. of primary

school buildings in the 4.,sian region .

Cost -per sq. 'metre of ;

Cduntry primary schbpl construction
. .- in U.S.

-ti = Uttar Pradesh
-3rd Prototype

India' r. Kerala S ta te

Iran . t
, Indonesia

MalayMa

Pakistan

Sri Lanka

Thailand'

14.10.

;18.1,0

70.00

- 21; 30

52.00

30

53.30'

60.00

/

Mean cost for region

.1 14

41,
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\ . Vipiations in the final design
.. -. -

Comparisons of this sot, must, of course, be qualified. Different costs
of labour, different standard& oicastruction-andoti finishes, all affect the cost-
per-unit area. The Table, may at the veu,least sliosiythat if is possible fo
build a brick school with'a sound concrete ro6fv#4y- Cheaply indeed provided
that costs are analysed Ad- through successIve development of protatypes,,
reduced io.a level compatAle with the target budget. , - i : '''... 4 .

,.
..
, t , t *

4 * ' '
f-

.. . 4n, internal _comparison, with am eqttivalent building using -traditional

\ methods of construction is, of course, valid .from all_ iiewpoineS.' Tabl- 9
.., .

compares the costs of -the construction of the third prototype' with a similar
school built using the traditional construction, of Uttar Pradesh.

.. , ' ...
A Variations in the final design. - , -

-- _-->
.. , -. ''.I ...

. .:..'
-. Two factors haVe led to a considerable-fiumber of variations in the final

degign depending upon the site-at which each school. is constructed. The first
and; major type .6f yariation is that connected With dliniate. As Has been men-1\
tinned cin page ZO',1 flie'State of Uttar Rradesh; 'while in the mairircorriprising
level, though often rough and broken land, includes 'along its northern border
some of the mountainous 'Himalayan country where schools -are' often built at't
elevations of 1,000 m. or more. In these mountainous regions, not only' arect,
temperatures .much lower, but in winter, there is usually hea-vy snowfall. The
type of construction used in such situations has thus to differ from that of the
plains, Figure 14 illustrates how, while retaining the main features of the 4

plains .school, the school for the mountainous areas has been adapted NyW -4.

r sloping roof, more effectively to drain away the water from melting 'snow a_ _
with thick walls to help retain heat in cold weather.

. .--
`The second, type of Yari ion is found in almost all schools in the cons&uc-

don programme, . As is ex wined more fully in Chapter Three below, 'those
responsible for construction on individual sites are-. required to keep the cost of
each building within a prescribed limit. Sometimes-where mud bricks for wall
panels are not readily available, concrete blocks, stone or burned bricks may
be used.

The open grille work in the classroom as well as the large grille in the
sheltered space may also vary, depending, on the materials available locally,
but whatevei- variation is made must be such that the cost limit is not exceeded.
The only constant features of the buildings thus, are the prefabricated elements.

Plate n, taken on a typical, 'misty day, shows the design variation for
the mountain regions, while Plate IS shows a school in the Himalayan foot-
-hills of Uttar Pradesh in which concrete blocks have been used f.)r wall panels.
Plates 14, 15 and 16 show the completed primary school in its (more normal)
village setting in the plains.

39

o.



T
ab

le
 9

. A
 c

om
pa

ri
so

n 
of

 tr
ad

iti
on

al
 b

ui
ld

in
g 

co
st

s 
in

 'U
tta

r 
Pr

ad
es

h 
w

'th
 th

os
e 

of
 th

e 
pr

ot
ot

yp
e 

de
si

gn

E
le

m
en

t

T
ra

di
ri

on
al

C
on

at
ru

cl
io

n
,

:3
rd

' P
ro

to
ty

pe
 C

on
st

ru
ct

 io
n'

Pe
rc

en
ta

ge
sa

vi
ng

s
ov

er
 tr

ad
i-

tio
na

l c
os

t
6

'
.

'
Fa

ct
or

s 
co

nt
ri

bu
tin

g
to

 e
co

no
m

}'

1
.4

Sp
ec

if
ic

at
io

ns

'2

C
os

t
It

s 
.

3

Sp
ec

if
ic

at
io

ns

4

C
os

t
R

s 
.

5

Fo
un

da
tio

n
o 

r

.,.
$4

01

C
ST W

al
lin

g

R
oo

fi
ng

,
..,

.-
..-

t

E
xc

av
at

io
n 

in
 o

rd
in

ar
y

i
co

nc
re

te
so

il.
L

im
e 

on
cr

et
e

(2
3-

30
 c

m
 th

is
C

k)
10

0 
:1

6 
:

32
 w

ith
 b

ri
ck

 b
al

la
st

,
w

hi
te

 li
m

e 
an

d 
su

rk
hi

 ;1
br

ic
k 

w
or

k 
in

 c
em

en
t

m
or

ta
r;

 3
/4

:"
 th

ic
k 

D
PC

of
 c

em
en

t m
or

ta
r 

1:
3

w
ith

 w
at

er
 p

ro
of

in
g 

co
m

-
po

un
d.

,

B
ri

ck
 w

or
k 

in
 c

em
en

t
m

or
ta

r 
1:

6;
 r

ei
nf

or
ce

d
co

nc
re

te
 li

nt
el

s 
an

d
su

ns
ha

de
s.

R
ei

nf
or

ce
d 

br
ic

k 
sl

ab
w

ith
 r

ei
nf

or
ce

d 
T

-b
ea

m
s.

L
im

e 
co

nc
re

te
 te

rr
ac

e
,(

av
er

ag
e 

10
 c

m
;th

ic
k)

,
ha

vi
ng

 b
itu

m
en

 c
oa

tin
g

,
,

be
lo

w
.

.,

1 2 
16

3
-

1

.i. 4 
60

0

.

E
xc

av
at

io
n 

in
- 

or
di

na
ry

 s
oi

l ;
lim

e 
co

nc
re

te
 (

15
 c

m
 th

ic
k)

10
0 

:1
6:

32
 w

ith
 b

ri
ck

 b
al

la
st

,
w

hi
te

 li
m

e 
an

d 
su

rk
hi

 ; 
br

ic
k

w
or

k 
in

 c
em

en
t m

or
ta

r 
in

'
pi

lla
rs

 a
nd

 in
 m

ud
 m

or
ta

r 
in

pa
ne

ls
. D

PC
 o

f 
ce

m
en

t c
on

-
cr

et
e 

1:
2 

:4
 w

ith
 w

at
er

pr
oo

fi
ng

 c
om

po
un

d.

B
ri

ck
 w

or
k 

in
 c

em
en

t m
or

ta
r

1:
3 

in
 p

ill
ar

s 
an

d 
in

 m
ud

m
or

ta
r 

in
 p

an
el

s;
 r

ei
nf

or
ce

d
co

nc
re

te
 '1

4n
te

ls
 a

nd
 s

un
sh

ad
es

.

Pr
e-

ca
st

 c
ha

nn
el

 u
ni

ts
 s

up
-,

po
rt

ed
 in

 s
te

el
 tr

us
s;

 li
m

e
co

nc
re

te
 te

rr
ac

e 
(a

ve
ra

ge
7.

 5
 C

m
 th

ic
k)

 h
av

in
g 

bi
tu

m
en

`
co

at
in

g 
be

lo
w

.
I

97
0

, 1 
93

0'

3 
4?

(,

24
. 8

-1
..0

.,8

22
. 8

...
.

,
.,.

R
ed

uc
tio

n 
in

 th
ic

kn
es

s
of

 b
as

e 
co

nc
re

te
 a

nd
in

 th
e 

se
ct

io
n 

of
,

fo
un

da
tio

n.
,

.

^O
,

.

U
se

 o
,f

 lo
ad

 b
ea

ri
ng

.,

pi
lla

rs
 a

nd
 m

/.i
d 

m
or

-
ta

r 
in

 P
an

el
s

U
se

 o
f 

pr
e-

C
as

t p
la

nk
's

ch
em

e,
 in

st
ea

d 
of

re
in

fo
rc

ed
 b

ri
ck

 s
la

b.
.

.
.

1.
'S

ur
kh

i' 
is

 c
ru

sh
ed

 b
ri

ck
 p

ow
de

r:
.



r

1
2

3
4

5
6

7
.

Fl
oo

r

D
oo

rs
 a

nd
w

in
do

w
s

Fi
ni

sh
es

14
;Z

k Fi
tti

ng
s 

an
d

fi
xt

ur
es

.'

li"
 c

em
en

t c
on

cr
et

e 
1 

: 2
 ::

4
la

id
 o

n 
3"

 th
ic

k 
lim

e 
co

n-
cr

et
e 

10
0:

16
:3

2.
.

.

40
 m

m
 th

ic
k 

pa
nn

el
le

d 
sh

ut
-

te
rs

 f
or

 d
oo

rs
 ; 

an
d 

gl
az

ed
fo

r 
w

in
do

w
s 

an
d 

ve
nt

ila
to

rs
 ;

t a
l w

oo
d 

-f
ra

rn
es

 f
or

 d
oo

rs
an

d 
w

in
do

w
s.

.. L
ev

el
lin

g 
to

p 
of

 w
al

l s
ur

fa
ce

s 
N

.
w

ith
 c

em
en

t .
m

or
ta

r 
1:

3;
 1

2 
m

m
th

ic
k 

ce
m

en
t p

la
st

er
 1

:6
 o

ut
-

si
de

 a
nd

 in
si

de
; w

al
ls

 w
hi

te
w

as
he

d 
in

te
rn

al
ly

 a
nd

 c
ol

ou
r

w
as

he
d 

ex
te

rn
al

ly
. P

ai
nt

in
g

w
oo

d 
w

or
k 

w
ith

, o
il 

pa
in

t. 
C

ei
l-

in
g 

pl
as

te
r 

to
 r

ei
nf

or
ce

d 
br

ic
k

sl
ab

 in
 c

em
en

t m
or

ta
r 

1:
3.

Pr
e-

ca
st

 r
ei

nf
or

ce
d 

co
nc

re
te

sh
el

ve
s 

; b
la

ck
bo

ar
ds

 I
n 

ro
om

s.
,

55
1

59
 1

-9
82 '-, .,

12
0

11
" 

ce
m

en
t c

on
cr

et
e:

1:
2 

:4
la

id
 o

n 
3"

 th
ic

k 
ra

m
m

ed
br

ic
k 

ba
lla

st
.

19
 m

m
 th

ic
k 

ka
il 

w
oo

d 
ba

t-
te

ne
d 

sh
ut

te
rs

 w
ith

 2
5 

m
m

th
ic

k 
le

dg
es

 a
ri

d 
br

ac
es

.
T

im
be

r 
gl

az
ed

 s
hu

tte
rs

 f
or

w
in

do
w

s 
an

d 
ve

nt
ila

to
rs

;
sr

ee
l f

ra
m

e 
fo

r 
do

or
s 

an
d

w
in

do
w

s.

L
ev

el
lin

g 
to

p 
of

 w
al

l s
ur

-
fa

ce
s 

w
ith

 c
em

en
t m

or
ta

r 
.

1:
3;

 1
2'

 m
m

 th
ic

k 
ce

m
en

t
pl

as
te

r 
1:

 6
 o

ut
si

de
 a

nd
 in

-
si

de
 w

al
ls

 w
hi

te
 w

as
he

d,
,

in
te

rn
al

ly
 a

nd
 c

ol
ou

r 
w

as
he

d
ex

te
rn

al
ly

.
ai

nt
in

g 
w

oo
d

w
or

k 
w

ith
 o

ilp
ai

pt
.

.

.

.P
re

-c
A

st
 r

ei
nf

or
ce

d 
cc

cr
et

e 
sh

el
ve

s 
; b

la
ck

bo
ar

ds
in

 r
oo

m
s.

l'.42
0 ( 48
2

77
6

1 
20

23
.8

1 
8.

 7

21
. 0

.'

.

N
il

U
se

 o
f 

ra
m

m
ed

 b
ri

ck
ba

lla
st

 b
as

e 
in

st
ea

d 
of

lim
e 

co
nc

re
te

.

O
m

is
si

on
 o

f 
fr

am
es

an
d 

us
e 

of
 b

at
te

ne
d

sh
ut

te
rs

 f
or

 d
oo

rs
.

.

N
o 

pl
as

te
r 

on
 c

ei
lin

g.

.

,
.

.

T
ot

al
A

dd
 3

 %
 c

on
tin

ge
nc

ie
s

10
 2

97 30
9

10
 6

06
0

8
lii

" 
.2

0.
 5

24
6 

.N
N

8 
43

4



Fi6U2.E. 14.
Vo.rkeion aielsicfri

for 0.c.hool Me.
Yrotwitpkinoos rOovis

OttcAr

Se.CTION A- A

F SZONT EIENAT1014

r---
I . Iow

ok.stuse,............lomt.-..
044,

1,41

I op

1/.4

0;;

:a.
1.

eloas roots
6/Ci x`488

jor Z,4 Imo

la
4.4

011

212%152

111

1:17:711: AZ6.111.11:17:111=4"gral;40341:=IN
11.1

0'1 I ID
I I

47
42

Gto x 4E45 '

PEW



so.

Plate 12.

The- design variation for

the mountainous regions of

Uttar Pradesh.

.1

?late 13. concrete blocks used for wall panels in a school in the
Himalayan foot, hills.

141

Plate 14. The more normdl setting the school in the plain's.
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CHAPTER THREE

MANAGERIAL ASPECTS' OF THE CONSTRUCTION PROGRAMME

Background

After he, adjustment of the prototype, the Government was satisfied that
the design nd cost criteiia had been met. The problem then fabed was that of
arranging r the construction of 5,500 schools in a three-year period with a
budget of s. 50,000,000 (US $6.75 million) available for the purpose.,. The
Governme t released the funds to the Zila Parishads (the agency responsible
for the cdnstruction of schools in the districts) with the instructions to adopt
the plan And cost ceiling of Rs. 8,500 set by CBRI. The Zila Parishads found it
difficult /to construct schools within the cost ceiling. The cost of the schools
ranging), on an average, 25 to 40 per cent more than the prototypes. The other
specific/ difficulties faced by Zila Parishads were :

/
a9 They were not geared to take up time-targeted-construction on

a mass scale due to time-consuming administratiVe, financial
and constructional pro,cediires and non-availability'of adequate
technical staff:

b) They were still not fully convinced of the economy of argeo
scale design and construction technology evolved by C RI.

c) There were many priority projects already'in hand.

4It is worth mentioning that the procedural aspect of project implernenta-1 .

tion was one of the main reasons for large backlog in primary 'school 'construc-
tion (Table 1, page 13). It wad,, therefore, implied 4that the ProjeCt could not be
carried through by Zila Parishads successfully. Even if thess.problems cool
be solved, it was clear that due to the cost of construction, the physical target.
will be reduced by 25% to 40%.

Under the circumstances, tke al4rnatives were (a)ito defer the project =
this was not desirable clue to pressing need for school buildings; (b) to allow
the schools to be constructed, as in the past, wiihkall possible risks that the
previous experiences would be repeated; (c) to involve the CBRI in the planning,
programming and execution of the project. Though it was clear that CBRI is
not a construction agency, it was realized that unless,-the challenge of construct-
ing schools was taken up by CBRI, the benefits of research would not be avail -
able. The solution to these apparently insuperable difficulties vas found 13y
arranging for the CBRI Roorkee'to undertake, the wort.

X55©
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Manage I asbects i

1 - r

he CBRI 'a Rgearch Institute under the Council of Scientific and
Ind trial Rese'ai-ch (C.S.1.R.) which is an autonomous body financed by the
Go ernment of India: Funds for the activities of the Institute are received from
t e CSIR. and the Institute functions within the.framework of tile-policies, rules
nd regulations of the CSIR. The programme of research activities and the

budget of the Institute a\re. controlled by an Executive Council, the members of
which are appointed by* CSIR. The recommendations of the Executive Coun-
cil are considered and app ved by the CSIR before the Programme of the CBRI
iS 'implemented. The Institu e is headed by a Director, who has been delegated
adeqbate financial and administrative powers to run the Institute effectively and
to implement its research programmes.

'What is of great importance in the present context, hoWever, is that the
CSIR has provision to accept schemes financed by outside agencies, including
Government Departments and State Governments, if these relate to research
or development activities being carried out in any of its constituent National
Laboratories or Institutes and for which facilities exist in these organizations.
The fundanientaF Condition of acceptance of such schemes of work financed by

.,,

\. outside agencies is that they should have a bearing on the research and devel-
opmental activities of the Laboratory/InStitute concerned. There should, more-
Over, be no financial involvement Of the LAboratory/Institute where such\
schemes are undertaken, all expenditure being met fromthe funds received
fr\om the agency. In incurring expenditure on such projects, rules,. regulations

I andsinstructions issued by CSIR from time to time have to be :followed and .
, accolis maintained according to CSIR rule'S and procedures. Any variations

that need to be adopted for_ the effective ,executior. -of a particulai,project re-
quire the' approval of the CSIR. ,t

The request of the Government,of Uttar'Pradesh to the CBIV-to undertake
the construction of primary/ school buildingsin the Slate with funds to be pro-
vided by the Government of U. P. was considered by the Executive Council of
CBRI at its meeting held on the 5 September 1972. The Executive Council
recommended acceptance as a spOnsored project in view of the fact that it
would introduce the development work of the Institute tb the interior villages of
the State with possible extension subsequently to cover the entire country. It
also approved the creatio\h of necessary, posts for the project. the recOminen-,
dationsof the Executive Council of the Instittite were subsequently approved by
the c SIR and the Director of the CBRI was authorized, to accept And start
the project,

The specific' difficulties to be overcome were as follows :

,i),"'The normal Government rule:I and procedures for construction pro-
grammes were time-consuining, especially those kuleS relating
to finance and adMinistration of Projects, and in po case could the

' basic principles of the rules be igiwied:

ii) There was no set procedures or rules to administer projects with
limited: funds for 'Which time targets had to be achieved,

4651 A
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The management committee

iii) Government building prOjecti were by, rule, required to be under-
taken by contractors on the ,basis of competitive tendering yet, as
most of the building sites were likely.to\be in remote and often al-
most inaccessible villages, with difficulties of procurement and
transport of materials and labdur, few contractors would be willing
to tender for the works and then only at prohibitive prices.

iv) Suitably.e)tperienced "personnel to control poojects within a time
limit were not readily available.

Objective of the project

The project as is Clear from the preceeding chapters i the,end-produet-
,of research, carried out by the CBRI, on the Major aspects f and-

hence it is mainly an implementation of ref:earch on a lage *s4. e, rather than
a Construction project' per se.

In view' of the nature-of the project and .itssocio-economic impact the
broad objectives of the project include :

a) To create awareness in the public'and the professionals in th

cost control techniques of the CBRI, so that they become a
construction practice;

0

b) To create agencies at State and local level who could Ofitinue the
activities after the CBRI has withdrawn from the °work.

c) To plan, programme and execute the project.in such a waS*, that °the
local population obtains benefit of employment. opportunities.

d) To'create opportunities for local unskilled or semi-skilled people
to improve their skill- while working with train staff of the pro=
ject, thereby adding .to the stock oi",skiIted personnel at local le \rel. 0

e) To create general interest and to associate,she people with
developmental activities in tiral areas.

The project was planned with the above objectivesI6.i

The management committee

In view of the direct involvement.-of the State Government of Uttar
Praddsh in the building programme as Well as the very large sums of money'
that it was planned. to invest, and in order have a better co-ordination with
the State Government, the Director of the Central Building Research Institute
decided that the project should be managed by a 'Management Committee'
comprising the following members : f)

The Secretary, Education Department, State Government of Uttar Pradesh.

The Director of Basic Education, Education Department, Oscar /Pradesh..

The Director, Central Building Research Institute, Roorkee, U. P.
.

The Co-ordinator of the School Building Project (op) the author of
this RepOrt. 5

47
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Xanageria: aspects'

The Committee's flinctions, which are subject-to the overall approval of
the Executive Council of tBRI,anzi of the CSIR, are to exercise proper,con-
trol and check on the activities `of the proict. All polity, kecutive and
administrative matters connected with the project are reported to and con- .

sidered by the Committee.. As the project developed, the Committee met
for cohsulatio as Arid when deeded.. 11

Planning the project

Planning involved in the first instance,. consideration of the ways in, P

which,the 'total building programme for the -5,000 clr more schools could be

implemented in a period of /hree years. What organizational structure was

needed at the executive and operational levels to achieve the programme target?

What would be the hierarchy of cpntrofto ensure not only that large numbers

of buildings were constructed according to pre-deterrninecktime schedules but,

equally important, that they did not exceed-the very vigorous cost targets which,

experience with &very liinited number, of piototypes had shown, was feasible ?

in the event, the decision problem was solved by use of the 'working-
backTard'..pro'cedure.1,4 °Ver. 5, 0sChoolS had to be constructed in a
perjod of three years for a sum of Rs. 5:04000,000. The schools had, more-

, °Vet, to. be'built in 51 of the 54 educational districts of the Staie.15 ,
,

On an annual -basis, this would have meant either working about 17
districts per year for three years or constructing over 1, 785 schools r year
in selected districts for a litree year .period. A combination of these two
targets yhich took into account:the terrains, the rocation of CBRI (near to
which' it was possible to build more easily than in remote places difficult to
control) and several other reas'unp v,nich necessitated the construction of
schools simultaneously in all the regions of the State resulted in a plan for
construction as follows :7

, s

Year I : Work in 20 districts .(about 2,000 .schools)
\ Year Il : Work in 18 districts (bout 1,900 schools)

Year III Work in 13 diSkricts (about 1,200 schools)

Total 51 districts (about 5,000 schools)

The phasing by distriCts is shown in Figure 15.

14. Julian Feldman. "Organizational decision making". In: Handbook of
organizations. Ed. James'G. March. Chicago, Rand McNally, / 19727
p. 614-649.

Kpgramme did not extend to the inner Himalayan districts of '

;ttar Kashi, Camoli, and Pithoragarh which are Temote,'have a
iistinctive population distribution and in Jude the highest of thec
peaks in Uttai Pradesh - these districts r quir.eunique solutions
to their educational building problems.

I 48 53 ,
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Once, the programme Oa been divided into phases and the quantum of 11

work to be achieved annually had been established, it was possible to work
fUrther forward and design the organizational structure to deal 'with a single
year's programme.

The firSt phase oil about 2,000 schools in 20 education districts-meant an
average of about 100 schools per district and a district programme of over
three quarters of a million Rupees. ($115,00d roughly). This, it was decided,
could be handled by one team and the district thus became the organizatilonal
unit on which the entire operation was based. However, as it seemed-likely
that work could not commence simultaneously in .01 distiicts at once,'they were
grouped in threes such that, while' construction was to be in progress in one
district of the group, pre-planning for construction was to be in progress for-
the other two. The skeleton of the organi6,tional hierarchy was thus developed
as shown in Figure16. The next question to be considered was its staffing and
organization at the executive level'. 54
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Executive organization' s.

District 3.

Although the project now formed .one of the Central Building Research
Ingtitute!,s research and development activities, interdisciplinary character,
.coupled with its very large budget and separate Management COmmittee, sug-
gested the need to deal with.it throligh a new, ,albeit temporary, Division of the
Institute. It was thus 'decided to create a new establishinentwithin CBRI headed
by the Deliiity Director wtio was desgnated Project Co-ordinator: The project
cq-ordinator is responsible fox fganning and directing the execiition of the works
In the districts and for looking after the day;to-day administratiori of the 'pro-
ject. He is assisted on the technicat side by an Assistant Director and on the
administrative and accdunts side by, an Administrative Offfder and Accounts
Officer, with a minimum complement of siiPporting administrative and accounts
staff. It was also decided that funds, received for the establishrr(ent and super-
vision

-
vision charges of the project should: be maintained in a separate account in the
Sthte Bank of India, University of Roorkee Branch, Roorkee , to be operated by
two ,Officers of the projIcr. This enables quick: payments to be rnade and fa_ ci-
Mates the Maintenance of accounts for the prOjedt.

Under the control of the Project Co-ordinator, Senior Sci4ntists.from the
Institute were placed in charge of groups of districts with the necessary admin-
istrative and financial authority delegated to them. Each enior Scientist was
assisted by an accountant and_clerk to maintaui the accounts at the headquarters
office of thergroup of distlicts. Each disOic.t.was intharge of a scientist. 16

I

16. :411e staff of the Central Building'Research Institute are organized
nierarchically.clownwards as,follows: Director, Deputkpirector,

- Assistant Directors, Senior Scientists, Scientists etc.

so 55
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Eiecutive .org,anization

- The organization at.district .1,evel was as follows\

Scientist - responsible for the district construction
programnie.

r .
Assistar,t .Engineers one in -char ge of each !block/ in the .district;

each district having several 'blocks'.

Overseers - one in.ehargd.of from five tosix,sclicols in a
block, each block having several overseers.

Supervisor of Works - orie in charge of one or two- schools, the being_
several responsible td-each overseer-

.
4

. 1

The staffing situation is summarized in Figure 17. The figure represents,
-

of course, the theoretical organizational concept and its realization'had, as
will be shown below, to b9 modified depending on the staff that could actually
6e 'recruited.

Flaue.E. The
PacjE.C.T C6-02D1MATOZ

Stxtoral . Si. or t. &Alia); Scir.-Yritsi 2.
Districts:

OvfL
Di sir' (Lis

c
OXY.- .
Blok.
A District

6 or 6
Achaols irk
o, !mock.

or a
schools

Vr
Stylior Scrie-ritivt 3,4,3

Ica-rItist Scientist

Assistant Assistrolf Assistant
Eviiirtizr

Ovtrsur Over.se.e.r .0v4r.sur

%, Supervisor Supt.rvi3or
of Works 4 pyrks
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:,:anagervat aspect

Development of the operational organizations

The-Project Office opened in September 192,, the Project Co-ordinator
assuming duty with one Administrative Officer and one Assistant for the Office.. ,.Work at Once commence&-on: -' - .t-,.,r,-;

.,

( / .

i) the planning of priorities;
.

ii) location of districts to be dealt with in the fiist year ;'
iii) fulfilling staff: iequirements;

iv) preparation of guidelines for supervisory staff and instructions to
be followed in relation to work activities4in the districts ;

v) preparation of a scheme for preliminary training of s:aff in
the methods of conSizructiOn;

vi) liais'oan with the State Government-and District authorities for
,assistance in the procurement Of,building materials and handing
over ofsites for construction;

-'vii) preparation of the project budget with reference to staff
`requirements and funds receiving;

vin) formulation of guideline_s for observance of financial ules
and, regulations ;

E

it) compilation:of a simplified manual for works and purchase procedures ;
x) drafting service Conditions of,§taff service;

xi.) -opening...olbank accounts, for the project funds.

These were herculean tagks,and were completed by the end of October 1972, by
the nucleus" of the Project -Staff with the .assistance and co-operation of-a few
members of the C,BRI 'scientific and administrative staff. The-guiding principle
in all these activities was the time target of the project. Urged by the need to
obser'Ve the basic rules and 'procedures Of the Govehiment of India as adopted
by CS1R and having regard to the limitation of funds, the emphaSis was placed
on the simplification. and the rationalization of the rules and pro,cedures to
-maintain the speed of progress needed t complete the project.

, ,
The first major problem, after the organizational aspects had: been

-considered, Was that of recruitment of staff.

Jrnmediately it was 'decided to undertake the project and ,the posts,-re-
quired, to man_the proje'ct, were created by the Director, on the- basiS of Voi-ks
to be started in the first stage, and having,regard to the funds earmarked for
establishment add .Supervision charges` It may be added that the strength of the
Supervisory and Administrative Staff for the

the
were subsecidently constant-

ly reviewed and regulated the basis; of the quantum of work. and available
funds to effect. efficiency and economy.

57-
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The operational organization

Recruitment was in accordance with the basic rules and pipcedures of
the CSIR, which required the advertisement.of the posts and the selection of
candidates through duly constituted Selection Committees donsisting,of specia-
lists in the fields in which the candidates were to be appointed. The procedural
formalities were completed as expeditiOusly as possible. The first batch of
candidates for the posts of Scientist were selected in November 1972 and offers
of appointment made to them immediately. Most of them joined by the end of
December 1972. There was, at that time, a shortage of experienced technical
personnel suitable for taking up such a high priority, time-targetted project,
hence it was not poisible to recruit the required number of suitable candidates.
The junior posts, such as Overseer and Work' Supervisor, were filled through
thp Selection Committee by the end of January 1973 and the beginning of
February- -1973. The adrrunisative posts were filled some time in November/
December 1972. By the end of January 1973, sufficient 'staff had been recruited
to start work in the field. In the meantime, the senior staff appointed were
busy in planning at the Headquarters and in the Districts so that construction
could start in February 1973.

The magnitude of the task of selecting candidates and the speed at which
this was done is illustrated in Table g', which includes posts for supporting
staff not mentioned above. 10

. Most of the staff appointed had been posted to their districts by February
1973. There remained, however`,} vacant posts far. overseers and works super-
visors and these were filled locally, the appointees being employed-on a daily
wage basis. As a matter of policy, all staff recruited at the level of overseer
and works supervisor and shown in Table_g were, where' possible, posted to
their home districts so that their familiarity with local conditions would help
speed up the work.

10
Table 8. Recruitment of staff for the project

Description
of post ,

Number of
applications

received

Number of
applicaats .

called for
interview

Dares of
selection

committees

Number of
applicants Remarks.'
selected

Scientist 283 105 13.10. 72 a 19
14.11.72
10. 1.73

Assistant 476 194 21.11.72 36

Engineer

Overseers 1 251 831 Nov. '72, 74
June '73

Supervisors 1 330 762 30.11. 72 & 209
of works 1,2.12.72

The posts above are those shown in Figure 17. Th.: posts below are for sup-
porting staff. 5358
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Table 8. Recruitment of staff for the project (cont'd)

Description
of post'

Number of
applications

received

Number of bates of
applicants selection
called for committees
interview

Number of
applicant's Remarks

selected

Administra=
tive Officer

36' '11 14.11.72 1

Accountants 1 03 36 - 30.10.72 &
5.11.72

10

Clerks 71 '40 30.10. 72 &
28. 7.73

11

StenOgraphers 37 12
e

29410.72 &
5. 1.73

4

Drivers 13 13 3.11.72 4

Others ;
cleaners,
peons etc.

247 58 Feb. /Apr. 19

Total recruited 387

'Orientation and training of staff

Both scientists and assistant engineers were briefed by the Project Co;
ordinator at CBRI for a two week period before assuming duty at their qstricts.
The briefing included

i) critical examination of the primary school designs,
specifications and estimates ;

ii) discussions on the methods to be used to execute the...worlN;

iii) technical serutiny of the prefabricated elements ;

iv) review of the administrativelprocedures relating to the management
of staff and to .the award of contracts and control.of expenditure.

The overseers and works supervisors were also .given practical training
in construction and supervision. This took place initially at CBRI and was
completed at nearby Saharanpur, the Headquarters 'of a district where proto-
type units had been erected and a yard for the manufacture of prefabricated
units had been established.

The staff were thus given the background for effective discharge of their
duties and an understanding of their responsibilities. in the districts. It was,
however, expected that, as the training period at the disposal of the project
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Work flow and ?motives

authorities ,was very short, c.ny-difficulties faced by.,the .itaff, in the course of

-execution of the works, would be resolved by the ,Scientist in charge of the

district. In special cases, problems could be referred to HeadqUarters for the--,

issue of necessary instructions and guidaInce.

The staff were very clearly given to understand that the project was of
vital importance to the.State and.that it was to 1?e a success. TO help achieve

their targets, they were required to seek. co-operation and assistance from

local bodies and people. They were urged also to inculcate in the village

people an interest in undertaking such` simple construction work by themselves
so that in future they could Meet their. own requirements for builditgs in their

villages.

Work flow and issue of directives r

As already stated, the source of all planning and directives for the execu-

tion of the project is ,he Project Co-ordinator, Who is respqnsible for the proper
guidance-and direction for all project activities. His instructions and directives',
to the Scientists in charge of the districts and Assistant Engineers cover' such, =

subjects as:*

i) the design and details of the buildings to be constructed ;

ii) clians considered necessary for the improvement of the designs
of the buildings and their surroundings ;

iii) the technical estimates foz the work to be undertaken ;

iv) the methods of choosing contractors for the award1of contracts;

v) the procedure for staff placement in various centres according
'to the relluirements of the works.;

vi) public relations that should be maintained By the field staff
for the success of the project;

vii) -adherence tp rules and procedures adopted for the project;

viii) periodical reports about the progress of the works to be furnished
to Headquarters and outlining any difficulties being faced in the
achievement of targets.

The Co-ordinator also invites suggestions for improvement in works

pluceOures or designs and other administrative matters from the Scientism in

charge. Besides this, he visits the sites in the districts periodically to acquaint

himself with problems at site and district levels and issues instructions to
solve difficulties .or improve situations. Periodical meetings are held at the
Headquarters with the scientists in charge and assistant engineers to discuss
their problems to arrive at reasonable ,solutions. Such meetings are also
addressed-by the Director who gives broad guidelines to the ,staff for effective'
execution -.of works. The scientists in charge and the assistant engineers are
always free to,bring up their problems to the Project Co- ordinator, either
through post or telephone or by personal visitsyrthe Headquarters.
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The scientists in charge are also free to discuss wit) their counterpart

colleagues ih Other, districts, problems of mutual interest and the discussions
at such meetings are reported to the Project Co-ordinator for his. information.
In fact a cordial team spirit has been developed amongst the scientists of the
project and the Project.Co-ordinator,s,aS, a result of which all problems con-
nected with the project are expeditiouslittackled through mutual discussion.
The administrative officer acts as a_ channel for communication of instructions
from the Project Co-ordinator to the scientists in charge and vice versa, and
he advises the scientists in charge on all administrative problems.

The Project Co-ordinator with the as.si§tanceof..his Headquarters staff
maintains cc3mmunieation with the State Government and the district authorities
and all records are maintained 'in the Headquarters.

Preparations for the commencement of construction

The preparations for the commencement of construction were complex.
Essentially four preliminary activities were involved as follows :

i) selection and acquisition of sits for the schools ;
ii) selection of central sites or prefabricating building components

(roof, window. frames, door frames and concrete sunshades);
iii) selection of contractors or orgatization ofdirect labour for

the-prefabrication- wort: -;
. .

iv) selection of contractors or organization of direct labour
for construction of the schools on the selected sites.

It will be noted that all of these activities had to be undertaken initially
to gerthe project started but also that they are continuing activities in the

' sense that, once they have been completed in the first district and construction
work comine1ices, the senior scientist in charge of a group of three or four
districts would move on to the second district to pee-plan for construction; to
Commence there as soon as work in the first district was finished. When work
has commenced in the second district, the senior scientist would move into the
third and so on.' The total activity may be conceived of as 'rolling' smoothly
forward at the rate of about one district -"that is about 100 schools - every
throe-months. As initially, there were fiye senior scientists in charge of
groups of districtg, it will be seen that the completion rate of construction was
500 schools per quarter a target that had been well maintained up to the time
of writing of this Report.

But in order tounderstand*That was involved in the preparations for
construction, it is necessary-to consider each of the 'four preliminary activi-
ties in somewhat greater detail.

.Selection and acquisition, of 'sites, for schools

The first activity was negotiat1or for sites on which (to construct the
schools: The State Governrhent bad already indicated the numbers of schools
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Centralized prefabrication

to be built in each district but the District Education Authority was responsible
for indicating a precise location for, every unit.

The Education Authority, in turn, had to negotiate for land through the
village Pradhan (headman or leader). Normally there was not too much diffi-
culty in obtaining land for construction but occasionally local disputes arose
over the location-of sites. The District Education Authorities, in most cases
gave a list of selected sites greater than that actually needed and the scientist
in charge of the district would then have to make a choice from the list. In

so' doing he had to consider

a) suitability fOr construction purposes;
b) access for delivery of materials.

and also whether safe storage facilities were available for materials, whether
local lodgings could be found for supervisory staff and whether local contractors
or/labour were available to assist with construction. Over and above all this,

,
the Scientist has to be -sure that the, construction of every school on every site
could be completed for Rs: 8,500 or less. This meant carefully checking the
availability and prices of \all materials, that were to be provided from the
locality, other than those of the prefabricated units. .,

I

Most sites, _ it, transpired, were found on.the fringes of villages. It will

be recalled 'that the villages of Uttar Pradesh, as of many othek perts of India,
comprise mud brick buildings, usually ,,on very ancient sites. As, time passed
and old mud buildings collapsed, the new buildings were' constructed on the
debris ofthe old and, slowly, the level'of the land on which the village stood
rose in the. forrp/of a low debris mound, with the newest buildings on top of it.

No space is available on these mounds for extra buildings such as schools and
thus sites for the new primary school buildings had to be found on the fringe of
the village, usually in a no- man's land of Waste between the village proper and
the suIroundint agricultural land. Many sites,, in consequence, were rather
small and one of the problems facing those responsible for site selection was
that of assessing whether there were likely/to be enough children living within
walking distance of the school (2 km)' to necessitate the eventual construction
of the second or third stages of a five classroom school and whether the site
in question was large enough.

Centralized prefabrication of components

The prefabricated components of the building are illustEated in Figure 13.
They comprise pre-cast concrete roofing channels, welded steel roof trusses,
welded steel door and window frames, pre-cast concrete lintel-cum-sunshades
and wooden door and window shutters. (FigUre 13 appears on page 36).

Specialized techniques are involved in prefabricating the units. No con-
tractor with expertise in prefabrication work according to the specification
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and within the estimated cost were available in the beginning. The availability
of suitable land, electric power and a good supply of water was another problem.
In most of the districts, 'the authorities made land available to project authori-
ties to start manufacturing prefabricated units. The number of such casting
units depend upon the size and terrain of the district. In fecv of. the districts
more than one casting yard was necessary. Generally tasting .yard at district
theadquarters is preferred. This being the headquarter of Scientist in charge,
facilitates better, supervision for quality control and better liaison with

district officials.

Award of contract
4.

ti

The notfnal way of awarding of.a construction contract is through open
tenders on a competitive bases. This is time consumingand experience showed
that with/the introduction of the new technique of using prefabricated components,
this sys"tenyof contracting led to high rates of construction.

It was thus decided to award contracts through negotiations. The- Scien-
tist in charge after a lodal market-survey prepares a cost analysis of each
prefabricated elemeat and, through a detailed estimate of the school building
verifies that the cost of the school is within the cost ceiling. The cost analysis
and estimated rates of each prefabricated element is examined and approved-by
the Project Co-ordinator. The Scientist in charge is then asked to-negotiate
within the rates provided in,the analyks. By and large-tha contractors have
found the procedure, acceptable and workable aij_d .obviously -it is time; saving
for project officials.

In the beginning the project-Staff demonstrated the techniques to local
entrepreneurs to stimulate-interest in them for this sort of work. Where entre-
preneurs remained uninterested, the project administration set up casting yards
with its own staff and started manufacturing the units to show the way. Slowly
one or two entrepreneurs started work, and contracts were awarded to them
after negotiating rates and other terms. Gradually other parties have begun to
come forward to, contract for prefabrication in almost all the districts. Con-
tracts have been awarded under a variety of,.circumstances to

"
i) Parties who arelocal entrepreneurs and have resources

to finance prefabr" tion contracts; or
ii) Unemployed engineers br ,local co-operative ventures of

f'0,6 engineers and contractors, having potential resources..for
A carrying' prefabrication contracts ; or

iii) Contractors through open tenders en a competitive basis.

In most of the cases, the work has to be awarded by negotiation of rates
and terms. Strict supervision by the scientific and technical staff of ttie project
is maintained to control the quality of the products according to specifications.
It has been noticed with satisfaction that the techniques for manufacture of these
prefabricated units are gaining popularity among contractors and a fairly good
number of contractors are now available.
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, Some; idea of the scale, complexity and, thus,_the importance of good
organization of the prefabrication programmes in each district is given by
Plates 17, 18, 19, 20.

t4-

Preparation for wor k on the site

Contracts for work at the site were normally awarded to rural entre-
preneurs having some experience of Construction work. The basic intention ,is
to encourage the rural economy through employment of local labour. The value
of the contract for each school is small and does not exceed R4. 3,000. 'The
building materials such as cement, bricks and prefabricated units are supplied
to the contractor who constructs the building by supplying, labour.; Each such
contractor is awarded a contract to construct 3-4 school's in a block at,a time.
Their work is supervised by file staff, of the project, who provide the necessary
technical guidance at every.,,stage of construction so that the work is complete
according to specification's and within the time schedule. - .

In be giOtring, there were difficulties in finding rural contractors
In to undertakeschool building construction wori. Rural skillecRabouy' for
construction was also scarce. The project staff made all possible efforts to
interest the local people by demonstrating how these simple buiidirigS could'be
constructed by they themselves. The terms of payment for such contracts
were also liberalised in comparison to conventional terms to attract the local
entrepreneurs. The methods used for constructing the new schools in 'the
villages have now gained popularity with the local. village people and,they are
now coming forward and are more willing to undertake theworE. In the context
of this background, 'most of the work is now awarded on the basis of negotiation
instead of conventional open tender methods, keying in view that the rates have---N

to be wit`hin the approved technical estimates and the time of completion for
each building fits the programme.

In the matter of award of contracts both for manufacture of prefabricated
units and construction works, the project authority has to maintain a correct
balance between local' influential parties and their technical and physical
capabilities by assessing their worth through discussion with them and by obtain-

.ing relevant information about them from local sources, as far as is practicable.

Supply of materials to sites

The fundamental factor, on which the progress of the work depends, is
the efficiency of the transport facilities for carrying building materials and
prefabricated units and the transport of supervisory staff to the sites. Materials
such as cement, bricks and sand have to be' carried from the stores Of the
stockists to each site, While prefabricated units, which Care manufactured at
centres in the district towns are to be similarly transported from the town to
sites. in villages. Transport poses difficulties in most of the districts and it is,
moreoi./er, an expensive item. However, the scientists in charge in the districts
have made every effort to enlist local assistance in minimizing transport costs.
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Mcoa01;ial aspects

For-quick transport of the supervisory staff, arrangements haire been
made to hire taxis -or jeeps which are placed at the disposal Of the -scientist in
charge of:.fhe district. Where the prefabricated units are manufactured and
supplied from a distant district town, these-are booked to the'sites and tracis-
ported.in trucks, bullock carts, as the case may be.

Careful -planning in this respect has been made in all- ,districts b!,. the
scientists in charge to avoid delay in the works due to non - delivery of materials.
They have been given full autlioritty in the matter, with:the stipulation that the
element of cost of transport should be covered within the cost ceiling fixed 'L.
construbtion of each building: In special cases, as in one or two districts,.
where abnormal difficulties were faced, delivery C,ehicles have been purchased
and maintained at;the cost of the project.

s's

Fidancial management
fY ,

One of the unseen cots of building in many countries of the Asian region
is the interest payable on,money lqaned 15y. banks to building materials Suppliees"
and contractors. It will be realized' that contractors are not normally paid until
the work they have contracted to build is completed (in w,hule or in part depend-
ing on the size of the building)... Thus, while the building is under construction,
the contractor has to find froin his oNl. resources, or to borrow from a bank;
suffi lent money to pay:for plant hire, transport, labourers' wages, materials
and the like. He will net be able to repay his bank loan (and thus continue'to
pay interest on it), until he has been paid for the work he has completed. Pay-
ment on completion.of work involves inspection by the pasying agency to ensure
the work is complete as claimed and then certification for payment. These
procedures Tuay through Government administrative channels, take at best
weeks and at worst months to complete, and all this time the contractor is pay-
ing interest on a loan which itself represents the very capital he needs to
finance his next contractual venture.

In tendering a price for a contract the building ,contractor thus uses his
local knowledge of how long ne is likely to have to wait for payment of his bill
on completion and adds the costs of the wait in terms of interest to his contract
price. Thus, the quicker contractors are paid, the lower will be their prices
and the slower they are paid, the higher their charges.

As a pre-requisite for successful completion of the project, it was
realized that quick paymen: of bills of contractors and suppliers and dues of
staff; was the first and the most essential condition t be fulfilled: With this
in mind, rules and procedures for payment were modified and streamlined in
Such a way that the bills of contractors and other parties against works or
supplies could be paid within a period of three days from the date of receipt of
such cla,imS. Very clear instruction in this respect were issued to the scien-
tists in ch.. -ge of the district and the officers in charge lf the works at the sites.\

Broad financial rules and the powers be dOega.ted to the scientists in
cnarge for expenditure sanction and payments wer, adopted for the project and
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approved by the Director. The scientists in charge were instructed to follow
these rules and regulations scrupulously to avoid irregularity in expenditure
and also to expedite payments in the manner indicated by the rules.

In order to facilitate direct .payments by the scientist in charge at the
district levels, bank accounts in the name of ,the SChool Building Project were
opened in each of the districts where work was in progress and the scientist in
charge; along with an officer under him were authorized to operate these
accounts. The 'funds for construction received asan advance from the district
authorities, are placed in the bank accounts of the districts, against which all
payments relating to construction are made by the scientist in charge directly
and with the assistance of the accountant under him. Accounts are maintained
by the accountant in the standard forms prescribed by Headquarters. To meet
contingent expenditures connected with the supervision of the works, adequate
funds are placed at the disposal of the scientist in charge of the districts as

'advances and these funds are replenished, as and when necessary, on the sub-
mission of accounts and vouchers in the prescribed form to-the Headquarters.
The accounts and vouchers are then scrutinized by the Accounts Officer in
accordaice with the financial rufes and procedures adopted for the project and
the advances adjusted and funds replenished accordingly. The scientists
.charge are required. to furnish by the 15th of every month the statement of ex-
penditure against the funds at their disposal, maintained in the State Bank of.
India, in the prescribed forms which have been issued to them. The monthly "
statement of expenditure on the project is thereafter compiled at the Head-
quarters and set against the provision of funds received by the project. A care-
ful .watch is kept to see that the expenditure does not exceed the liinit of
provisions from the State. Government. The monthly statement of expenditure
is placed before the Project Co-ordinator for his information by the end of the
month.

To rationalize quick payments to the contractors for works, a number of
measures have been taken to simplify and Streamline procedures :

i) The conventional method of recording measurements of works in
the Standard Measurement BOoks prescribed by the Government of
India has been modified to a certain extent to avoid detailed entries
for each contract as the work is ota standard and repetitive nature.
These modifications have saved the time of the overseers and the
assistant engineers in maintaining the measurement books and
certifying payMents of the bills of the contractors.

ii) gunning payments against rnateV:ials supplied or work in progress
are allowed to the extent of 751 to 90 % of the value of the supplies
or the work done and this enables the small contractors to sustain
themselves to the end of the work.

in.) Very strict instructions have been issued to the scientist in charge
and the accountants to see that the bills of the contractors are not
delayed for More than a week for payment under any circumstances.
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iv) The 'period of defects and liabilities' which determines when the
finaipaymentS of contractors' bills are'made, have been reduced.

Salaries and allowances of the staff are pRid directly from the Headquarters.
The salary bills are prpared-at the, Headquarters by the 25th of every month
on the. basis of the staff on the .establishment roll maintained at the Headquarters
and the amount remitted to the respective scientists in charge of encashment
through the Distiict Bank accounts. Payments are made on the first of every
month. When any member of the staff is on leave, his leave salary is adjusted
in the same month in which the salary is drawn, if the report of.leave sanction-
ed' is received at the Headqdarters by the 15th of the 'month.

' The travel allowance bills of the staff are prepared at the 'Headquarters
in accordance with the standard travel allowance rules of the Government', on
the basis Of particulars' of tours forwarded by the scientist in charge. The
travel allowances drawn-are also rem-it-fed to'the scientist in charge for pay-
ment to the respective payees. This, arrangement is working satisthctorily and.
ensures necessary check and cointroi'in the payment of the dues of the staff.

Expenditure is under the audit control of the Accounts Officer of the pro-
ject. He receives all billg for payments at the Headquarters pre-audited. The,
bills. at the district levels are pre-audited by the accountants 'posted in the
districts in accordance with rides and procedure adopted for the project. All
bills are paid by the scientist in charge after getting the bills, checked by the
'accountant. Registers for maintaining cash and bank accounts, vouchers 'and
classified' accounts, works accounts etc. are maintained both at Headquarters
and at the district level. The district accounts are .periodicalty audited by the
Accounts Officer to check their correctness.

It has been agreed by State- Government that the expenditure on the
construction works against the advances drawn by the scientists in charge from
the district authorities for the purpose, will be in accordance 'with the rules
and,piocedure adopted by the project authorities and such accounts duly certi-
fied by the Accounts Offiter of the school building project will be furnished by
the -scientists in cha.rge to the District Authorities after completion of the works

.
in the district, for audit by the district authorities.

Regarding the funds and the expenditure for establishment and supervision
charges which have been received at the Headquarters from the district authori-
ties, the matter of audit has been.taken up with the Council of Scientific and
Industrial Research:

Personnel management

The present complement of staff in the project number about 387 ranging
in the cadre from a Deputy Director` to labour.. The major portion of the staff
are in the field in remote, rural areas. Rules and regulations and the service

. conditions of the staff were framed with the nature of their tasks and their
residence in remote rural areas in mind and we're approved by the Director
before the appointments of staff were made. -
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The staff ate, _in general, governed by the diSciplinary rules of the
Government of Indiaa. Clepr. instructions were issued to scientists in charge
of the districts to exercise proper conirdl over the field staff under them. Whil

-
they were advised that th@cktuman aspect should not be overlooked, they were
required to contr91, to the: best of their ability, the attendance of the staff and
the discharge of duties entrusted to their in their places of work. Thefassis-
tant engineers in the districts were required to kgep a periodic check of -the
atend'ance of the staff in the field and this was to be fufther cheCked by'sur-
prise periodic visits of the .scientist in charge tO sites. The discipline and con-
duct of the staff are major factors to be hiokdd after Ily the supervising officers
at.the higher level. The ;rigidity of hierarchy. has however been relaxed and
almost eliminated by personal example set b:, the senior staff. The Pioject
C,L.-ordinator himself briefs the scientists in charge of distkicts in these res-
-pects periodically. Reports of, indisciplinary attitudes-and negligence received
fis.,:n District Officers are, nevertheless, dealt with sternly and expeditiously,
so as to remove undesirable elements from` the organization before they de-

. ,

moralize otherS and affect the projeCt adversely. c'

Records of work and conduct of all stall in the p oject are prepared
periodically in the standard confidential form, prescribe by the CS1R and re-

-. viewediby the Project Co-ordinator. Adverse ,reports al.-. communicated to the
staff members,with a warning to correct themselves in their workand conduct.
By,and.large, the morale and the discipline of,the- staff are commendable and no
serious personnel problem's haye been experienced. But day-to-day problems,
are nutnerous.,and are";dealt with at appropriate level.

Publicity

. As this high priority project for the\benef it of the rural population,
the co: operation and the assistance of die local people and authorities in the r.
execution of the project essential. The senior staff and-all other members

)ss of the district staff have been advised to seek all possible co-operation and
assistance from Village Pradhans, local members of the State Legislative
Assembly and .Memb,ers of Parliameht, District Officers and bfficials_and.other
important personalities .at the .village or district level. The brojedt has so far
received unstinting Support frorathem. The scientist in charge at the district
and the site engineer keep close 'touch with the 'village 'people and qther person-

'alines mentioned aboyfand take `view points ,into Consideration before
embarking upon the wor The village people have shovin, in, Most of the
'clistrictS, keen interest in the project .41-M, have offered assistance to Project
Officers by helping with labour, accommodation and'atbr.necessities.
Project Officers have also given the villagers encouragelnent by demonstrating
the techniques of construction and employing local unskilled rural lab'our and
contractors.'

Publiciri?

The Min isters of the -State Governments of India and Central 'Ministers
have been taking an interest in the-deVelopment of the project and some of them
have visited the construction sites and addressed. the r, ,1 ,people on the
importance of the project, ,soliciting their co- operation to assist the Project
Officers n the execution of the %iorks.. The Chief Minis66r,iand the Governor of

6S
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Manageriai aspects
9

. guar Pradesh have given encouragement to the ptoject staff by regular expres-
sion of their appreciation of the work of project Officers.

The press in India have been quick to realize the importance of the pro -
ject and the expeditious way in which it is being executed. It has been very
generous irr giving wide publicity to the activities of the project for the informa-

/ don of the rural popuiltion. This has created a good reaction in the minds of
/ the people and also she- State dovernmentg. There have been a number of

requests from. the other State Governments to take,up' similar works on a mass/.. Scale in- theii States. %
... .

All India radio has also given prominence to news on the project in their,
broadcasts. The Films Division of India has made and released a film on the
development and activities of this project.

The project authorities and the Director maintain constant touch with the
State Governments, public and Press to apprise them of the activities and devel- .
opment of the project. These media are being consciously. utilized both to
educate the public on the project/as well as its extensions into such related
field:-.. as low-Cost rural housing.and to build and maintain the, morale of the
Project Officers, contractors and workers. -

Other outcomes
...,

, . .

- The project has made a good impact on the people in the. State. The
approach of the CBRI to ,the execution of this time-bound project being some-
what different from the conventional methods and procedures for construction
adopted 6Y the Goernment Departments and ,established construction firms in
the country, there,has, no ddubt, been..alittle reaction doth in the political

... s lobbies and Government construction departments as regards the soundness of
both the technical aspects of the construction and the administrative methods
employed. It has taken the successful construction of about 1,000 schools over

,a period 61 about eight months in the State of Uttar Pradesh to have turned the
wind in' favour of the techniques and methods adopted.

Government construction departments and private contractors are now. -

coming forward to. study critically the basis of the methods used and the rules
and regulations, teamed for the project. This means that the institute has been
able, through this project, to accomplish one of its primary objectives, namely
to 'demonstrate the feasibility of low-cost construction in remote rural areas.
The Government of Uttar Pradesh has, recently, decided to entrust the con-

t. struction of schools in a few ,districts of the State to the Public Works Depart-
ment on the. basis of the CBRI techniques of ,construction.

Project authorities are encouraging local entrepreneurs to establish
industries to manufacture prefabricated units. It is hoped such units would be

\avq.lable in the market for people to use it in the construction of their houses
find ether buildings. Besides catering to the social needs of providing maximum
.dumber of primary school buildings within the limited financial .resources, the

...

pr,;ject provides employment not only to engineers and technicians, but also to
unskilled village labour. It will provide eamplOyment opportunity for about
2. 3 million' man -days of which abote 671, 000. man-days will be for skilled
workers and' about 1.6 million man-days for unskilled village labour.
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COST ANALYSIS OF CHANNEL UNITS

Timber mould

a) Material

Deodar wood
Angle iron
Screws, nails and

sawing charges

-b) Labour

Carpenter (skilled 'labour)ti
Unskilled labour
Fitter (skilled labour)
Welding charges

91Y

2.80 c. ft.
12.- 57 kg-

lump sum

3 working days
.1

1 working day
lump sum

3

Assuming 100' uses, cost per use
143
100

1. 43

Casting platfor
Area of platform required

to cast 100 pits/day

Cost of cleaning the area
Cost of brick floor laid dry.;

joints filled with sand

Cost of concrete floor finish

Rate (Rs)

22.00. per c. ft.
1.90 per kg

8.00 per day
4.00
8.00

Annex I

Amount (Rs)

61. 60
23. 88
1 I. 00

24. 00
12:00
J. 00
2.50

142.98
Total say 143.00

3 000 sq. ft.

Total

200.00

1 650.00

1 950,-00.

3.800..4)0

Cost of *iising platform per unit Rs. 38000846 Rs. 0. 50 -per unit

Analysis for channel unit

Rate . Amount

Cem 0.3 bags 13.00 3.90

Coarse aggregate 1.35 c. ft. 1.40 1.89

Coarse sand 0.72 c. ft. 50 0.,36

IA: S. reinforcement
M.S. wire

4.21 kg
0.28 kg

1.75
3.00

7. 37) 'A,
0. 85)

Labour

Casting

Mason (skilled) 1/8 W. day 8.00 1.00 .

Unskilled labour 1/4 w. day 4.00 1. 00
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x. ,

Managerial aspects

Making Rate- Amountof cages

Bar bender (skilled) 1/10. w. day 8.00 0.80
Unskilled labour 1/10 w. day 4.00 0.40

Other charges

Mould as per details above 1.43
Plateform as per details above 0.50
Handling of units in the casting yard 0.38
Mould oil 0.25'
Binding wire 0.10
Vibrator and power charges 0.20

Total 20. 43)
Add for breakage of units at 370 )

except marked 'A' above

Water charges 2 %

Overhead charges 2.5 %

Contractor's pfofit 10 %

73
68

0.37)

0.41
21.21
0.53

21. 74
2.17

23.91

Say Rs 24. 00

20.80


